Carnosinase hydrolyses carnosine in muscle, and its deficiency is associated with extensive neuromuscular abnormalities. We measured serum carnosinase activity in patients with thyroid dysfunction which often involves neuromuscular systems. In hyperthyroidism, the carnosinase activity was not significantly different from that in normal subjects. In hypothyroidism, however, it was significantly lower than that in normal subjects. The activity examined in five patients with hypothyroidism returned to normal after replacement therapy. In hypothyroidism, the carnosinase activity showed significant correlation with concentration of serum thyroxine and negative correlation with serum creatine kinase activity. This finding may be of practical importance in the differential diagnosis of disorders causing carnosinase deficiency.
Thyroid dysfunction is often associated with abnormalities in serum concentrations of various enzymes. Hypothyroidism causes elevations of serum creatine kinase (CK), lactate dehydrogenase (LDH) and aspartate aminotransferase (AST), which mimic muscular disorder or myocardial infarction. Meanwhile, hyperthyroidism is associated with elevation of alkaline phosphatase (ALP) and lowering of carbonic anhydrase isozyme B. These abnormalities are thought to be due either to deranged metabolic clearance or to increased or decreased production of the enzyme. I. 2 Deficiency of carnosinase, a peptidase which hydrolyses dipeptide carnosine, has been reported in muscular dystrophy' as well as in familial cases of neuromuscular disorders.v" This, together with the fact that the muscle is rich in carnosine/ prompted us to examine a possible alteration of the enzyme activity in hyperand hypo-thyroidism which is sometimes associated with slight but generalised myopathy.
Materials and methods

MATERIALS
Samples used in this study were obtained from Correspondence: Dr K Ichihara 190 patients with typical thyroid diseases who were seen at Osaka University Hospital. They were 15 cases (13 women, 2 men) of hyperthyroidism (untreated, adult Graves' disease) and 14 cases (12 women, 2 men) of hypothyroidism (adult primary hypothyroidism due to Hashimoto's thyroiditis).
Twenty-six samples from healthy hospital staff members (20-50 years old: 12 women, 14 men) of the Clinical Laboratory of Minoo City Hospital were also analysed as controls.
METHODS
The method to measure carnosinase activity was identical with that described in the previous paper' except that no metal ions were added as an enzyme 'activator' since their omission gave a slightly better result. The outline of the procedure is as follows: 150 ul, of serum sample was diluted eightfold by the addition of 50 mmol of Tris-HCI buffer. Then 400 ul, of the diluted serum was mixed with either 100 ul, carnosine or the same volume of the Tris-Buffer (control), and the mixture was incubated for 60 min at 37°C.
Then 500 ul, of 0·6 M trichloracetic acid solution was added to stop the reaction. The mixture was centrifuged at 3000 rpm for 10 min to remove precipitates. and 100~L of the supernatant was well mixed with 2 mL of 0·3 M NaOH and 400~L of 75 mM o-phthalaldehyde solution. After standing at room temperature for 15 min, 40ll~L of 6 M HCI was added and the mixture was shaken vigorously. The fluorescence from L-histidine and 0phthalaldehyde was determined in a Shimazu-RF-510 fluorimeter using an excitation wave length of 344 nm and an emission wave length of 423 nm. The serum concentration of thyroxine (T4) was determined by radioimmunoassay using an antibody coated tube CAb Tube T4 Eikeri': Eiken Immunochemical Laboratory, Tokyo, Japan). Serum thyrotropin (TSH) was measured by double antibody radioimmunoassay (TSH RIA Kit'; Daiichi Radioisotope Co, Tokyo, Japan). CK activity was measured by 'SPIN CHEM' CK reagent, a modified Oliver method employing the Centrifi-Chem analyser system (COB AS BIO, Roche, Switzerland).
Results
STABILITY OF CARNOSINASE IN SERUM
DURING STORAGE
Six fresh serum samples were divided into aliquots of 0·5 mL and frozen immediately at -20°C. The aliquots were either stored frozen or subjected to repeated freezing and thawing once a day until the 15th day and once a week thereafter. The carnosinase activity did not show any significant fluctuation for 100 days (Fig. I) . The coefficient of variation of each sample under this experiment was between 3·1 and 6·1% ..... s: statistically significant inverse correlation between the serum activities of carnosinase and CK (r=-0·73; n=14), as shown in Fig. 3 . umol/rnlzh) is not statistically different from that in normal subjects. The correlation coefficient between serum carnosinase activity and T4 is not significant when the entire data are used for calculation. But when the data concerning hyperthyroid patients are excluded, the correlation coefficient becomes statistically significant, 0·78 (n=40).
CARNOSINASE ACTIVITY IN THE MIXTURE OF NORMAL AND HYPOTHYROID SERA
In order to examine whether any interference factors exist in serum from hypothyroid patients, carnosinase activity was measured in the mixture of equal volumes of normal and hypothyroid serum. As shown in the Table, 104-120% of expected activity was found in the mixed serum samples. The, carnosinase and CK activities were measured in five hypothyroid patients before and after three to four months' thyroid hormone replacement therapy. The carnosinase activity increased from 1·89 ± 0·68 to 3·15 ± 0·57 umol/ml.zh concurrent with the return to normal of serum T4 and CK activity ( Fig. 4) .
A typical pattern of changes in carnosinase, T4, TSH and CK in the course of thyroid hormone replacement is shown in Fig. 5 . the presence of an enzyme inhibitor. The possibility of increased metabolism is unlikely since all the patients were in overt hypometabolie states. Possible inhibition of the enzyme is also unlikely since the addition of hypothyroid serum to the fresh serum of healthy subjects did not cause any bias in the measurement. Thus decreased production appears to be responsible for the lowering of serum carnosinase activity in hypothyroidism. Serial measurement after replacement therapy of thyroid hormone showed gradual recovery of carnosinase activity to the normal level, concurrent with the return to normal of TSH, T4 and CK. This observation further suggests that hypothyroidism per se has some direct causal relation to the decline of the carnosinase activity.
Hyperthydroidism
Hypothyroidism
The substrate of the enzyme, carnosine, is rich in muscle." and decreased carnosinase activity has been reported in various neuromuscular disorders.f: 9 In this regard, the current finding is of interest in that hypothyroidism is also associated with generalised myopathy, which is characterised by oedema and mucinous degeneration of muscular tissue.
The causal relation between myopathy and decreased carnosinase activity remains uncertain since hyperthyroidism, which often accompanies myopathy, did not show any change in carnosinase activity. It may be that the decreased activity simply reflects one of the non-specific phenomena related to generalised hypometabolism. The finding, however, may be of practical importance in the differential diagnosis of disorders causing decreased carnosinase activity such as hereditary carnosinaemia.
